this is referred to as end-on incorporation (Figure 2A ; see Movie 1 in the Supplemental Data). In other cases, microtubule bundles were drawn into the forming spinSummary dle in the region between the centrosomes; this is referred to as lateral incorporation ( Figure 2B ; see Movie In centrosome-containing cells, microtubules utilized 2). In some cases, elements of both processes were in spindle formation are thought to be nucleated at the evident, and bundles, not focused clusters, were drawn centrosome. However, spindle formation can proceed into the aster (see Movie 3). following experimental destruction of centrosomes [1] To demonstrate that the peripheral microtubules or in cells lacking centrosomes [2], suggesting that moved into the middle of the centrosome, we made non-centrosome-associated microtubules may conphotobleach marks (see Experimental Procedures) in tribute to spindle formation, at least when centrofront of moving clusters of microtubules. In the example somes are absent. Direct observation of prometashown in Figure 2C (see Movie 4), a disorganized group phase cells expressing GFP-␣-tubulin shows that of microtubules located at the periphery of the aster peripheral, non-centrosome-associated microtubules reorganizes into a cluster, with a clearly defined focus, are utilized in spindle formation, even in the presence and begins inward motion (see Figure 1A , pathway 2).
dynein activity, and we proposed that inward motion is crotubule-microtubule sliding interactions was also obtained from photoactivation experiments. Figure 5E mediated by transport and sliding of adjacent microtubules [3] , not treadmilling [10] . To test this hypothesis, shows a photoactivated region on a microtubule bundle that extends to several times its original length, remarkphotobleach marks were placed on microtubule bundles during inward motion. As Because photobleached marks were difficult to detect the pole ( Figure 5F ). Outward movements were infrequent, and the majority of motion is directed inward in in regions of high microtubule density, we used photoactivation of fluorescence, which has better signal-toprometaphase cells. The observation that microtubules can move bidirectionally indicates that microtubule noise characteristics than photobleaching, to mark microtubules [13] . . Our previous observations indicated that peripheral microtubules moved toward the spindle region, but the Our unexpected observation that the centrosomal array in a mitotic cell is composed of microtubules nufate of these microtubules was not determined. One possibility is that peripheral microtubules, which have cleated at the centrosome and of peripheral microtubules shows that a centrosome is involved not only in two free ends, are disassembled in the spindle region ( Figure 1A, pathway 1 ). An alternative possibility, and microtubule nucleation but contributes to the overall organization of microtubules in mitotic cytoplasm [27, the one that we observe, is that peripheral microtubules are utilized in the forming spindle ( Figure 1A, pathway 2) . 
